The stomachs of mammals of several species, including mice (9) , and the crops of chickens (1, 9) contain indigenous lactobacilli colonizing the surface of squamous nonsecreting epithelia. The mechanisms by which the bacteria colonize their epithelial habitats are obscure (8) . One factor important in the process is the capacity of the organisms to adhere to the epithelium (8) . The mechanisms by which the organisms adhere to the surface have been examined. Brooker and Fuller implicated acidic polysaccharides as mediators of the adhesion of lactobacilli to crop cells (1) . By contrast, Suegara et al. suggested that proteins may be involved in the adhesion of such bacteria to rat stomach cells in vitro (10) . Recently, the latter finding was supported by data generated by Conway et al. for the lactobacilli that adhere to the gastric epithelium in mice (P. L. Conway, A. Jouper-Jaan, and S. Kjelleberg, Abstr. Annu. Meet. Am. Soc. Microbiol. 1985, 174, p. 158).
We have postulated that cells of Lactobacillus strains adhere to the surface of the keratinized squamous epithelium of the mouse stomach (4, 5) via macromolecules known to mediate adhesion to epithelia of gram-positive bacteria of certain other species (2). Gram-positive bacterial pathogens of several genera and species adhere to animal cell surfaces via macromolecular complexes containing lipoteichoic acids (LTA) and proteins (2) . We tested for LTA in aqueous extracts of cells of some strains of Lactobacillus species and report herein that all strains able to colonize the mouse epithelium (4, 5) extracts to be used in the hemagglutination inhibition assay were also made from supernatant solutions from liquid cultures grown in a defined medium, LDM 11 (4) . A 20-liter volume of the medium was inoculated with cells from an overnight culture of lactobacilli (A6w = 1.5) and incubated at 37°C in an atmosphere enriched with CO2. Cells were harvested in the exponential phase (A6N = 0.07) by centrifugation (5,000 x g) at 4°C for 20 min. The supernatant solution was applied to a Bio-Gel P6DG (Bio-Rad Laboratories, Richmond, Calif.) desalting column (4.5 by 29 cm); distilled water was used as an eluent. Fractions were collected and monitored for A280. The macromolecular fraction was eluted as a peak in the void volume and concentrated with a Buchi rotary evaporator (Brinkmann Instruments Inc., Westbury, N.Y.). The concentrated material was applied three times in a batch procedure to 100 g of Bio-Beads SM-2 (Bio-Rad) to adsorb Tween 80, a component of LDM II. Material not adsorbing to the beads was concentrated with a rotary evaporator. These extracts from the defined medium were also assayed for proteins by the modified Lowry assay (7) .
Assay for LTA. The extracts of the bacterial cultures were tested for LTA by hemagglutination inhibition test (3) . The extracts were incubated with 10% (vol/vol) sheep erythrocytes (SRBC) at 37°C for 2 h; then the SRBC were removed by centrifugation. Anti-LTA antibody was diluted serially in microtiter plates (Dynatech Laboratories, Inc., Alexandria, Va.), after which the absorbed extracts were added at various concentrations (Table 1) 
RESULTS AND DISCUSSION
The extracts of the cells grown on MRS agar from 10 of the 22 Lactobacillus strains tested, including strains 100-16, and 100-33, inhibited the hemagglutination reaction, indicating that they contained LTA (Table 1) . At concentrations higher than those given, some preparations lysed or agglutinated the SRBC. For this reason the preparations were diluted to concentrations at which such effects were minimal. Thus, the concentrations of extracts used in the assays differed depending upon the source of the preparation tested. Four of the strains produced molecules which, even when diluted to a concentration at which they did not agglutinate SRBC, still lysed the blood cells to some extent. The property was not related to whether the extract inhibited the hemagglutination reaction. Hemagglutination was not detected in wells containing LTA-coated SRBC and extract but no antibody, or in wells which contained LTA-coated SRBC and saline.
A total of 7 of the 10 strains producing LTA are known to adhere to and colonize the squamous gastric epithelium in monoassociated ex-germfree mice (5) . Although some strains unable to colonize the surface did not give a positive test for the LTA, all strains able to colonize the surface tested positively. Of the strains able to colonize the surface, L. reuteri D287 was originally isolated from the feces of a calf (Table 1) , a finding that is inconsistent with the general observation that only Lactobacillus strains isolated from rodents can colonize the mouse gastric epithelium (5, 11, 12) . Strain D287 is still under study (5) .
Another of the strains found to contain LTA, L. acidophilus 100-33, does not colonize the gastric epithelium in monoassociated ex-germfree mice (5) but does adhere to the surface in vitro (4 (2) . We recently demonstrated that genetic information can be transformed in intestinal lactobacilli (J. H.-C. Lin, and D. C. Savage, J. Gen. Microbiol., in press). The techniques developed are now being turned to attempts to transform the capacity to colonize the murine gastric epithelium from f,actobacillus strains isolated from mice and able to colonize the epithelial surface into strains from other animals. The latter strains are unable to colonize the gastric squamous epithelium in mice (5) . Some of these recipient strains are able to produce LTA; some are not. Success in these experiments will yield bacterial strains that have changed from the parental state in surface characteristics (amphiphiles and proteins), and will provide us with tools for characterizing the Lactobacillus adhesive.
